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1. INTRODUCTION

The planned Bura Irrigation Settlement Project will start research
on some soil units, including the units S2, 42 and 642 (Sir M, MacDonald
and Partners, 1977) to investigate their suitability for irrigated agriculture.
The soils of these three units have a shallow (i.e. less than 20cm thick)
non-saline, non-alkali topsoil and were therefore largely exclvded from
the first phase of the Bura Irrigation SCettlement Project area, The future
research areas however have already been marked on the irrigation lay-out
(op.cit. ),

In order to gain time, the National Irrigation Board wants to start
experiments this year on a site near Hola, on soils comparable to those
occuring in the research areas of the Bura Irrigation Settlement Project.
Consequently the Kenya Soil Survey was requested to carry out a detailed
80il survey of the site near Hola, comprising 50 ha just north of the
Extension Area of the Hola Scheme, and to compare these soils with those
in the future research areas of the Bura Irrigation Settlement Project.

2. WORKIN

Prior to the detailed survey of the site near Hola, the soils of the
future Bura research areas were studied. Two research areas were selected
namely one in the area commanded by the Bura Branch Canal (north of the
L. Hiraman) and another one in the area commanded by the Chewele Branch
Canal (south of the L, Hiraman),

The s0il map of the area north of L. Hiraman (ILACO, 1975) was used
to Jocate 5 profile pits in the Bura Branch Canal research area, as follows:
2 pits in unit QU1, 2 pits in unit GU2 and one pit in unit 52,

dccording to soil maps for the srea south of L. Hiram'n (1LACO, 1977),
the Chewele Branch Canal research area largely consists of soils belonging
to unit S2. Therefore only 2 profile pits were dug in this area.

411 profile pits were examined in detail and described according to

K55 - standards,
lto---o/2
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After that the detailed soil survey of the experimental site near
Hola was carried out, Observations were done in a 100m - grid and consisted
alternatively of deep (130 cm)and shallow (70cm) pits, totalling 50. All
pits were described according to KSS standards and filed in the KSS data
storage.

During the fieldwork electrical conductivity measurements were done
on samples from all horizons (ratio soil: water = 1:2,5). Ten representative
profiles were sampled for standard analysis by the NAL routine laboratory.
Their distribution is as follows:

Bura Branch Canal rasearch area: 3 profiles (see app. 1 )
Chewele " " " " : 1 profile (see app. 1 )
Experimental site near Hola : 6 profiles (see app. 2 )

3. RESULTS

3.1, Research Areas of Bura Irrigation Settlement Project

A, B h C Resea A

In this area five profile pits were investigated. Two pits were situated
in a part previously mapped as GU] and indeed proved to be GU1 soils. A typical
profile (no. Bura - 1), with analytical datd, is given in appendix 1.

Two other pits were located in a part mapped as GU2. One was ir;deed+
a GU2 soil, but the second pit showed a typical N42 - scil. The GU2 - soil
(no. Bura - 3) is described in appendix 1.

Finally, the last pit, dug in an area mapped as 32, showed again a
typical N42-soil. This profile*(no. Bura - 5) is also described in appendix 1.

For a detailed description of GU1 and GU2 soils reference is made to
existing reports (see References). Here it will only be mentioned that both
units comprise reddish brown to brown cracking clay soils with a slight gilgai
micro-relief, a crumby topsoil and a saline and sodic subsoil with slicken=
sides. Unit GU1 comprises the soils with a non-saline non-alkali topsoil of
more than 20cm thickness, while unit GU2 comprises those soils with ann-saline,
non-alkali topsoil of less than 20cm thickness,

Unit M@ is described in ch. 3.2.
.ll.ld./3

+ see footnote on page 3.



B. gye Bra C

The investigation of the two profile pits in this area confirmed the
occurrence of soils of unit S2 as indicated by the existing soil maps (op.cit.).
A typical profilet (no. Chew, = 1) is described in appendix 1.

Unit S2 is described in ch. 3.2,

The soils of the experimental site near Hola belong to three units
described in previous reports (ILACO, 1975 and 1977) namely S2, N42 and N3,
However, due to the detailed nature of the observations (only profile pits)
some subdivision could be made., Unit S2 was subdivided into S2 proper and
S2¢, and unit N42 into N42 proper and N42s. Moreover two soil units
transitional between N42 and I3 could be distinguished (see also fig. 1)

Brief description of the units

Init 82

The soils of this unit have a non-saline, non-alkali topsoil of 10-15cm
depth, directly followed by a saline-alkali subsoil. The salinity level is
quite high, usually reaching about 8 mmhos/em (1:2.5 suspension) at 80cm depth.

The soils are clayey throughout, but usually with a slightly lower clay%
in the topaoil. The topeoil has a fine crumb structure, whereas the subsoil
shows a compound angular blocky structure, The uppar part of the subsoil
(B-horizon) may have a very weak prismatic structure. The soila are strongly
calcareous throughout. In previous reports (IL&CO, 1975 and 1977) the soils
have been classified as "Typic Halorthids",

+ Vith respect to the anzlytical data presented in appendices 1 and 2 it has
to be mentioned that for some determinations, particularly CEC, exchangeable

Na and exchangeable sodium percentage (BsP), very conflicting results were
obtained. Repeats did not clarify this. Therefore in some instances estimates
had to be given. The low reliability of a considerable number of results is
indicated by a question mark.
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Unit §2¢

Like unit 82, but usually with a weak surface crust of about 4cm
thickness., Two representative profiles are described in appendix 2, viz.
fie1d rof. T1*and G5, The latter is less typical bocause of low BSP and
Bt values in the upper part of its B-horizon (14=-25cm).

Unit N42
The soils of this unit are characterized by a non-saline, non-
alkeli topsoil of about 10-15 cm depth followed by a B-horizon of which
the upper part (about 15cm) is non-saline and alkali and the rest saline and
alkali.

Salinity increnses rapidly with depth and the ECe usually reaches a
value of about 10 mmhos/em at about 50cm depth.

The topsoil has a fine crumb structure,but the subsoil has a weak
to moderate prismatic structure composed of angular blocky elements. The
soil surfacc shows little or no cracking, but the subsoil shows moderate

cracking in the upper part and common slickensides at greater depth.

The soils are strongly calcareous throughout and often show pockets
of soft lime in the subsoil.

Previously (op.cit.) thesc soils have been classified as "Vertic
+
Natrargids", For typical profiles see field ref. Di'and G1 in app.2
The latter shows comparatively low ECe values,

Unit N42s
Like unit N42, but also saline-olkali in the upper part of the B
horizon,

According to their salinity, the soils would belong to unit 52, but
as their main morphological charsctoristics are comparable to soils of
unit N42, this subunit of N42 was defined. The boundary of this unit is

somewhat arbitrary.

*sce footnote on page 3 y
SRR 5




Unit N3

The soils of this unit are characterized by a very shallow non-saline,
non-alkali, non-calcarcous crust directly over the lower subsoil, the topsoil
and upper part of the subsoil being eroded awsy. Consequently extremely
high salinity and alkalinity levels are found directly below the surface
erust. This is also expressed by the occurrence of many clusters of salt
crystals.

The subsoil has a fine to medium angular blocky structure, sometimes with
a weak prismatic superstructure. The subsoil is strongly calcareous
throughout,

The soils have been classified as "Mazic Natrargids" (op.cit.),
Unit N42 —

The soils of this unit are comparable to normal N42 soils, but they
have a moderately strong, 3-5em thick, non-calcareous surfaci crust with
some sand overwash, A representative profile, field ref. 45, is described
in appendix 2.

Unit N42ab = N3

This unit is comparable to the previous one but for the subsoil, -+
which has an angular blocky structure. A typical urofile, field ref. (5,
is given in app.2.

4, CONLCUSIOIS

1. The soils of the investigated research areas of the Bura West
Irrigation Project belong to the units GU1, GU2, 142 and S52.

2. The soils of the proposed experimental site near Hola belong mainly
to the units S2 and N42.

3, The S2 and N42 soils of the Bura research areas are very similar to the
52 and N42 soils of the proposed experimental site near Hola,
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Bee footnote on page 3
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SOIL ANALYTICLL DATA

g,

B ese

Field Ref. Bura - 1 Unit GU1
Depth in em 0-20 20-33%3 33-60 60-100 100-12
Lab No./78 2056 2057 2058 2059 2060
Sand 26 22 20 18 407
Silt % 12 16 14 16 12
Clay % 62 62 66 66 487
Texture class C C C c c
pH-H20 1: 2% suspension 8.9 8.5 8.8 8.4 8.4
pH-KC1 1: 2% 5 7.0 7.1 7.2 71 7.2
ZC (mmhos/em)1:2% " 0.35 2,15 2.40 6.50  7.00
CaC03 % 2,6 5.2 2.9 2.3 2.1
CaS04.2H20 % tr 0406 - Q.84 0805 -t
C % 0.35 0,24 -~ 0,26 0,38 0,24
N % 0.05 0.04 - % =
Saturation % - 66.5 TI8. S5T4 119.8
ECe (mmhos /cp) - T.50 9,00 ~26,0 7 24.0
pH - paste - T T7a1 1.7 7.3
CEC (me/100g soil) 39.5 34,3 34,0 36.0 31.4
Exchangeable eations:
Ca (me/100g soil) 57 59 58 47 30
Vg 5 - 35, 3.4 o 3e3 3.6
K " 2.1 2.6 2,6 2,5 2
Na " 3.9 7.9 12.8 19,57 20.37
Base saturation 100+ 100+ 100+ 100+ 100+
ESP 9.9 23 38 547 657
Qualitative CaCOz A s At et 4+
Mehlich analysis:
Available Na (me/100g soil) 1.65 7.0 - - -

o ey ¢ " 0.44 0.20 - - -

" Ca " 22,0 19,2 - - -

" Vg . 9.6 10.4 - - -

" Mn " 0.38 0.28 - - -

" P (ppm) 60 40 - - -



Yopping unit GU1

A1 0-20cm

B21 20-33cm

B22 33-60cm

B23,, 60~100cm

B24sa 100-120cn

2

prof, no., Bura - 1

Brown to dark brown (7.5YR 5/4 dry, 7.5IR
4/4 moist) clay; porous massive to weak, fine
to medium, crumb structure; friable when
moist, sticky and plastic when wet; many very
fine and few fine pores; strongly calcareous

and non-saline; clear and smooth transition to:

Dark reddish brown (5YR 3/4 dry and moist) clay;
strong coarse to very coarse, angular blocky
structure breaking into moderate, very fine to
medium, angular blocky structure; very hard
when dry, firm when moist, sticky and plastic
when wet; few, weak slickensides; common very
fine pores; strongly calcareous and slightly
saline; clear and smooth transition to:

Dark reddish brown (5YR 4/3 dry, 5YR 3/4 moist)
clay; moderate, coarse to very coarse, angular
blocky structure breaking into weak to moderate,
very fine to medium, angular blocky structure;
consistence and slickensides as above; few, very
fine and fine pores; calcareousness, salinity

and transition as zbove:

Dark brown (7.5YR 3/3, dry and moist) clay;
structure and consistence as above; common,

weak slickensides;few, very fine and fine pores;
strongly calcareous and strongly saline, with
many small clusters of NaCl crystals; gradual
and smooth transition to:

Dark brown to dark greyish brown (7.5 TR

3/2 to 10YR 4/2,dry and moist) clay; structure
and consistence as above; common to abundant,
moderate slickensides; few, very fine pores;

calcareousness, salinity and salt crystals as

above.

Remarks: 1; many, 2-4cm wide cracks at surface
0-33cm; many very fine roots

33-60cm; few, very fine roots

60cm+: very few very fine roots

3) on the ILACO - map this profile is also included in unit GU1




- 10 =

SOIL AJLLYTICAL DATA

B g R

Field Ref.: Bura - 3 Unit GU2

Depth in cm 0-13 13=32 32-52 T2-115

Lab. No./78 2036 2037 2038 2039

Sand % 54 24 30 20

8ilt ¢ 10 12 12 16

Clay % 36 64 58 64

Texture class SC c C C

pH-HY1:2% suspension 9.0 8.8 8.7 8.7

pH-KC1 1: 24  m T4 7.4 Te3 T.4

EC (mmhos/em) 1:2% 0.40 1.15 2.90 8.50

CaC03 % 1.6 2.4 3.6 2.4

CaS04.Balff tr 0.02 0.14  tr

e 3 0.70  0.61 0.53  0.56

N ¢ 0.05  0.05 - -

Saturation % * - w i

ECe (mmhos/em) o 4 13,0  26.5

pH - paste - - 8.3 7.5

CEC (me/100g soil) B0.6 24,87 22,67 - 2548 ‘

Exchangeable cations:

Ca (me/100g soil) 42 42 25 42

Mg " 4,8 3.7 2.5 1.9

K " 15 ¥4 1 Py

Na " 2.0 8.0 7.60 " 6.87

Base saturation 100+ 100+ 100+ 100+

ESP 6.6 32 342 2772

Cualitative CaCO3 +4 RS e ot

Mehlich analysis:

Available Na (me/100g soil) 1.40  4.30 - -
" K " 0,32 0.22 - - ‘
" Ca " 15,2 1450 o -
s Mg . 9.2 8,8 ~ - |
" Mo n 0.30 i OURY i = & j
¥ P (ppm) 58 63 - - |




Mapping unit GU2

Al 0=13cm
B21 13-32cn
B22 32-T2em

B23ga T2-115em

= £
prof. no. Bura - 3

Brown to dark brown (7.5YR 4/4 dry and moist)
sandy clay; weak, very fine, crumb structure;
moderately calcareous and non-saline; clear
and smooth transition to:

Dark reddish brown (7.5YR 4/4 dry, 5YR 3/4 moist)
clay; moderate to strong, coarse, angular blocky
structure breaking into moderate, fine to medium,
angular blocky structre; hard when dry, firm when
moist, sticky and plastic when wet; common, very
fine and fine pores; strongly calcareous and non-
saline; clear and wavy transition to:

Dark brown (7.5YR 4/3 to 7.5YR 4/2 dry, 7T.5YR 3/3
moist) clay; strong, coarse to very coarse, angular
blocky structure breaking into moderate, very fine

to medium, angular blocky structure; very hard when
dry, firm when moist, sticky and plastic when wet;
few, weak slickensides; few, very fine pores; strongly
calcareous and moderately saline; gradual and smooth
transition to:

Dark brown to dark greyish brown (7.5YR 3/3 dry,

7.5YR 3/2 to 10YR 4/2 woist) clay; moderate to strong,
coarse to very coarse, angular blocky structure
breaking into weak to moderate, very fine to medium,
angular blocky structure; very hard when dry, firm
when moist, sticky and plastic when wet; abundant,
moderate slickensides; few, very fine pores; strongly
calcareous and strongly saline with common, small
clusters of NaCl crystals.

Remarks: 1 1<=3mm thick, very weak surface sealing
2) many, 2-4cm wide cracks at surface
3) 0=32cm: common very fine and fine roots;
32cm + : very few very fine roots
4) on the ILACO - map this profile is also included in unit GU2
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SOIL ANALYTICAL DATA
Bura Branch Canal Research Area

Field Ref.: Bura = 5 Unit N42
Depth in cm 0-16 16-38 38-65 65-85 85-130
Lab. No./78 2066 2067 2068 2069 2070
Sand % 44 34 32 26 26
Silt % 12 16 14 14 14
Clay % 44 50 54 60 60
Texture class c c C C C
pH-H20 1:24 suspension 8.8 9.6 9.0 8.7 8.9
pH~KC1 1:2% " 6.9 Tod Ted 7.5 Ted
EC (mmhos/em) 1:2% 029 080 7 5,00 - T7.90 6,00
CaC03 % 0.8 445 %7 2.9 1.9
CaS04.2H20 tr tr tr 0.6 tr
C% KO0 048 038 T 0,42 DRl
N % 0.06 - - - -
Saturation % - - 49,0 101.6 83.4
ECe (mmhos/cm) - = 21.0 U199 oD
pl-paste - - 7.5 7.3 7.8
CEC (me/100g soil) 30,0 33,0  .5%.4 - 348 374
Exchangeable cations:
Ca (me/100g so0il) 50 53 48 33 32
Mg " 1.9 2.8 2,8 2.8 2.4
K " 3.0 1.3 1.3 1.1 1.0
Na " -] 9.2 20,3 - 22,67 "~ 22.T%
Base saturation 100+ 100+ 100+ 100+ 100+
ESP 440 28 617 662 617
Qualitative CaCO3 ++ +++ +++ +H+ +H+
Mehlich analysis:
Available Na (me/100g soil) 0.82 6,60 - - -

" K " 0.96 0.10 - = %

o Ca " 17.4 19.4 - - -

" Vg " 10,4 9.2 - - -

" Mn " 1.25 0.08 - - -

" P (ppm) " 152 16 - - -



Mapping unit N42

' L1 O=16em

B21 16=38cn

B22 38-65cm

B23% 65-85cm

B24sa 85-130cn

o ¥yis
prof. no. Bura = 5

Brown to dark brown (7.5YR 4/4 dry and moist)
clay; weak, very fine crumb structure; slightly
sticky and slightly plastic when wet; moderately
calcareous and non-saline; clear and smooth
transition to:

Dark reddish brown (5YR 3/4 dry, 5YR 3/3 moist) clay;
moderate to strong, coarse, prismatic structure

breaking into moderate to strong, coarse to very
coarse, angular blocky structure very hard when dry,
firm when moist, sticky and plastic when wet; very few,
fine pores; strongly calcareous and non-saline; clear

and smooth transition to:

Dark reddish brown \5YR 3/4 moist) clay; weak to
moderate, coarse to very coarse, angular blocky
structure breaking into weak, very fine to medium,
angular blocky structure; consistence, slickensides

and pores as above; very few CaCOs concretions, 2-4um
in size; strongly calecarecous and strongly saline;

gradual and smooth transition to:

Dark brown (7.5YR 3/3 moist)clay; weak, ocoarse to very
coarse, angular blocky structure; consistence as above;
common, weak slickensides; few, very fine pores;

CaCO3 concretions, caleareousness, salinity and
transition as above:

Dark brown to very dark greyish brown (7.5YR 3/2 to

10YR 3/2 moist) clay; weak to moderate coarse to very
coarse, angular blocky structure breaking into moderate
very fine to fine, angular blocky structure; consistence
and pores as above; common to abundant, weak slicken—
gides; caco3 coneretions as above; moderately calca-
reous and strongly saline, with common, small clusters

of NaCl- crystals.

Remarks: 1) on the ILACO - map this arca is indicated as S2-soils
2) 2-5mn thick, weak surface sealing
3) few, scattered cracks at the surface




OIL Al Ch
Chewele Branch Canal Research Area
Field Ref: Chew - 1 Unit 52
Depth in enm 0-19 19-35 35-58 58-100 100-12!
Lab. No. /78 2031 2032 2033 2034 2035
Sand % 32 32 28 18 26
Silt % 18 12 14 20 14
Clay % 50 56 58 62 60
Texture class c c c c C
pH~H20 1: 2% suspension 9.0 9.1 9.2 9.0 8.9
pH-KC1 1:2% suspension 7.4 7.8 7.9 7.8 7.8
| 5C (mmhos/cm) 1:2% " 0.35 2.50 5.00 7.00 7.50
| CaCO= & 3.5 5.8 5.8 3.9 45
| CaS0, .4 2Hy0 tr 0,02  tr tr 0.02
C 0.70 0.33 0.42 0.36 0.42
N ¢ 0.06 - - = E
Saturation % 91.7
ZCe (mmhos/cm) - 7.00 23.0 24,0 28,0
pH-paste - 8.1 8.3 8.2 7.7
ci¢ (me/100g soil) 32 37 37 37 37
Exchangeable cations:
Ce. (me/100g s0il) 46 53 52 37 50
Vg ¢ 2.8 2.9 3.3 2.5 4.0
K " 2.1 1.9 1.7 3.0 1.4
Na s Fol 18,57 14.4 20.0 18.6
Base saturation 100+ 100+ 100+ 100+ 100+
ESP 10 507 39 54 50
Qualitative CaCO3 4+ -+ -+ +++ ++
Mehlich analysis:
Available Ba (me/100g soil) 1,40  4.30 - - -
" K . 0.32 0.22 - - -
i Ca L 15.2 14,0 - - -
" Mg " 9.2 8.8 - - -
" Mn " 0.30  0.34 - - =
X P (ppm) 58 63 - - -
x = estimates

b b e B e g e e e



A1 0-1%em

B21 19-58cm

B22 58-100cn

B23 100=125cm+

e ew = 1

Yellowish red (7.5YR 5/4 dry, 5YR 4/6 moist) clay;
weak, very fine to fine, crumb structure; friable
when moist, slightly sticky and slightly plestic
when wet; 1-2% CaCOz concretions, 4~10mm in size;
strongly calecareous and non-saline; clear and
smooth transition to:

Reddish brown (5YR 4/4 dry and moist) clay; moderate,
coarse to very coarse, angular blocky structure
breaking into weak to moderate, fine, angular blocky
structure; hard when dry, firm when moist, sticky
and plastic when wet; few, weak slickensides; few

to common, very fine pores; 1-2 CaCO3 concretions,
4=-10mm in size; strongly calcareous and strongly
saline; gradual and smooth transition to:

Yellowish red (5YR 5/6 dry and moist) clay; moderate,
coarse to very coarse, angular blocky structure
breaking into weak to moderate, very fine to medium,

angular blocky structurc; very hard when dry,
firm when moist, sticky and plastic when wet; few to
common, weak slickensides; few to common, very fine
pores; CaCOz concretions, calcareousness, salinity
and transition as above;

Yellowish red (5YR 5/6 dry and moist) clay; moderate
coarse to very coarse,angular blocky structure
breaking into weak to moderate, fine to medium
angular blocky structure; very hard when dry, firm
when moist, sticky and plastic when wet; common

to abundant, weak slickensides; few, very fine and
fino pores; CaCO3 concretions, calcareousness and
salinity as above.

Remarks: 1) this arca is also indicated as S2 on ILACO - map
2) 1-2um thick, weak to moderate, surface sealing
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Appendix 2
REPRESENTATIVE PROFILES
OF THE

EXPERIMENTAL SITE
IN THS
HOLA IRRIGATION PROJECT




SOIL 4 T
Ficld Ref.:I1 Hola Experimental Area Unit S2¢
Depth in em 0-15 15-33 33-70 70-95 95-125
Lab, No./78 2051 2052 2053 2054 2055
Sand & 30 30 26 20 16
Silt % 16 12 12 18 14
Clay % 54 58 62 62 70
Texture class c o] C c c
pi-H,0 1: 24 suspension 9.0 8.8 8.9 9,0 8.9
pH-KC1 1: 2% suspension 7.0 Tot 7.5 T.4 T4
EC (umhos/cm) 1:2% " 0:40. - 1.25 4.0 B85 5.5
CaCo03 % g3 4.3 4.5 3.6 2.8
CaS0y.2H20% tr 0,04  tr tr tr
C ¥ 0.71 0.35 0.21 0,15 0,12
N % 0.0 . 0,06 - - -
Soturation % - 84,2 TS5  79.9 90.7
ECe (mmhos/em) - 7.0 17.00 - 21.5 . 20.0
pH-paste - Te5 7.8 T o Fub
CEC (ne/100g soil) LIRS e e
Exchangeable cations:
Ca (me/100g soil) 53 56 56 50 50
lig i 3.2 3T 4.1 4.0 4.3
K " 1.8 1.2 17 tel 1.6
Ne " 2.8 8.5 9.2 24,87 29.27
Base saturation 100+ 100+ 100+ 100+ 100+
ESP 8.1 24 26 THe = Y
Qualitative CaCO03 oo 44 bt 4 et
Mehlich analysis:
Available Na (me/100g soil) 1.9 53 - - -

" K " 0.38  0.06 - - -

" Ca " 22,0 24,0 - - -

" Vg " 13.6 - ..10.% - - -

" ' " 0.38  0.05 - - -

" P (ppm) 44 20 - - -

x = estimates



Mepping unit S2¢
41 O=15em

B21 15=33cm

B22 33=T0cm

B2%sa TO=95cm

- 18 =

profile no. I

Dark reddish brown (7.5YR 3/3 dry, SYR 3/4 moist)
clay; weak, very fine to medium, crumb structure,
slightly hard when dry, friable when moist, sticky and
plastic when wet; many, very fine pores; slightly
calcareous; about 1% CaCO3z concretions, 2-4mm in size;

clear and smooth transition to:

Dark reddish brown (7.5YR 3/3 dry, SYR 3/3 moist) clay;
weak to moderate, coarse, angular blocky structure
breaking into moderate, fine to medium,angulaf blocky
structure; few, thin clayskins; very hard when dry, firm
when moist, sticky and plastic when wet; few to common
very fine and few fine pores; strongly calcareous, about
1% CaC0O3 concretions 2-4mm in size; slightly saline;
gradual and smooth transition to:

Dark reddish brown (5YR 3/4 dry and moist) clay; weak

to moderate, coarse to very coarse, angular blocky
structure breaking into weak to moderate, fine to medium,
angular blocky structure; few, thin clayskins; very hard
when dry, friable when moist, sticky and plastic when
wet; few very fine to fine pores; strongly calcareous;
about 1%-0&003 concretions 2-4mm in size; moderately

saline; gradual and smooth transition to:

Dark brown (7.5YR 4/2 dry, 7.5YR 3/2 moist) clay; weak
to moderate, coarse to very coarse, angular blocky
structure breaking into weak to moderate, very fine to
medium, angular blocky structure; common, weak slicken=
sides; very hard when dry, firm when moist,sticky and
plastic when wet; few, very fine to fine pores; strongly
calcareous; about 1%rCaCO3 concretions, 2-4mm in size;
strongly saline with white crystals of NaCl; gradual

and smooth transition to:



B24 95-125cm+

Other remarks: 1.

2,

T T

Dark grey (10YR 4/2 dry, 10YR 4/1 moist) clay; moderate
to strong, coarse to very coarse, angular blocky
structure breaking into weak to moderate, very fine to
medium, angular blocky structure; abundant, moderate

to strong slickensides; very hard when dry, firm when
moist, sticky and plastic when wet; few, very fine pores;
strongly calcareous; 2-3 % CaCO3 concretions, 1-2cm

in size; strongly saline.

3-4cn thick, brown to dark brown (10YR 5/4 dry, 7.5 YR
4/4 moist), weak ecrust

eracks only in the profile pit

rooting: 0=33cm: many very fine and few fine to coarse
roots

33-125¢cm: very few, very fine roots
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SOIL LETICAL PATA.

Field Ref. G5 Hola Experimental Area Unit S2c¢
Depth in enm 0-14 14-25 25=42 42 -92 92=114
Lab. No./T8 2026 2027 2028 2029 2030
Sand % 38 36 34 30 22
Silt % 14 12 14 14 16
Clay % 48 52 52 56 62
Texture class c C c C C
pH-HoC 1: 2% suspension 8.7 9.0 8.7 %1 9.0
pH-KC1 1: 2% " 6.9 7.3 Ted 7.9 Ted
EC (nmmhos/em) 1: 2% 0.30 0.65 2.90 4450 6.50
CaC03 % 0.7 30 5.8 5.9 6.2
CaS04.2H20 % tr 0.02 0.02 tr tr
Cc % 0. 61 0.67 0.59 0.50 0.53
N % 0.07 0.05 5 - 5
Saturation % - - 63.9 155 59.6
ECe (mmhos/cm) - - 13.0 14.5 16.0
pH -paste - - 7.8 7.8 8.0
czc (me/100g soil) 26.0 28,0 3445 37.8 37.4
Exchangeable cations:
Ca (me/100g soil) 37 45 50 59 48
Mg " 2.8 3.3 JeI 3.0 3.2
K " 2.9 1.0 2.6 2.8 %3
Na " 1.3 3T 8.9 26,07  29.8?7
Base Saturation % 100+ 100+ 100+ 100+ 100+
ESP 5 13.1 26 697 807
Qualitative CaCOz ++ +++ + s ek
Mehlich analysis:
Aveilable Na(ne/100g soil) 0.7 2.4 - - -

" K " 0.76 0.1 - - -

" Ca " 12.8 17.6 - - -

9 Vg " 10.4 14 - - -

" Mn v 0.86 0.04 - - -

i P (ppm) 48 30 - - *



Mopping unit S2¢
41 O=14cm
B1 {4=25¢cm

B21 25~42¢cm

B22 42-92cm

B23 92-115cm+

- 21 -

profile No, G
Dark reddish brown (SYR 4/4 dry, 5YR 3/4 moist)
clay; weak, very fine to fine crumb; slightly hard
when dry, very friable when moist, slightly sticky
and slightly plastic when wet; about 1% CaC03
concretions, 2-5mm in size; slightly calcareous and
non-saline; clear and smooth transition to:

Dark reddish brown (5YR 3/4 dry, SYR 3/3 moist) clay;
moderate, medium, angular blocky structure; hard when
dry, friable whén poist, sticky and plastic when wet;
common very fine and few fine pores; strongly
calecareous and non-saline; about 1% CaCO3 concretions,
2-5mm in size; gradual and smooth transition to:

Dark reddish brown (5YR 3/4 dry and moist) clay;
moderate, medium, angular blocky structure; hard when
dry, firm when moist, sticky and plastic when wet;
common, very fine pores; soft lime and about 1% CaC03

concretions, 2-5mm in size; strongly calcareous and
moderately saline; clear and smooth transition to:

Dark reddish brown (5YR 3/4 dry and moist) clay;
moderate, medium, angular blocky structure; very
hard when dry, firm when moist, sticky and plastic
when wet; few, thin clayskins and few, weak slicken-
sides; few to common, very fine pores; soft lime,
CaC0z concretions and strongly calcareous as above;

strongly saline; gradual and smooth transition to:

Dark reddish brown (5YR 3/4 dry, 5YR 3/3% moist) clay;
structure; consistence, clayskins, slickensides and
pores as above; about 17 CaCOz concretions, 2-5mm in

size; strongly calcareous and strongly saline.
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SOIL ANALYZICAL DATA

Field Ref <D4 Hola Experimental Arca unit N42
Depth in en 0=10 10-30 30-62 €2-108 108-125
Leb, No./T8 2040 2041 2042 2043 2044
Sand % 42 36 730 24 22
Silt % 14 12 14 16 16
Clay 5 44 52 56 60 62
Texture class C c C c C
pH-H20 1:2% suspension 8.8 9.4 9.6 9.3 9.4
pa-KC1 1:2% - T.4 7.6 745 7.9 7.8
EC (mmhos/em) 1:2% 0.35 0.65 2.10 4.50 4.0
CaC03% 1.8 702 6.6 4.6 5.1
CaS04.2H20 & tr 0.02 tr tr 0.01
C % 0.97 0.59 0.67 0.53 0.36
N % 0.10 0.05 - - -
Saturation % - - 105.0 8443 116.6
ECe (mmhos/cm) - - 8.50 14.0 13.0
pH-paste - - y Py 7.6 7.9
cEC (me/100g soil) 34.6 3442 36.6 39.8 40.5
Exchangeable cations:
Ca (me/100g soil) 11,2 50 42 58 40
Mg " 6.8 4.0 3.8 345 3.4
K . 2.7 1.0 1.5 1.5 1.5
Na 2 1.7 10.5 18.1 32,57 32,67
Basec saturation % 100+ 100+ 100+ 100+ 100+
ESP 4.9 31 49 657 807
Cualitative CaCO3 ++ Aot St A 4t
Mehlich cnalysis:
Avnilable Na(me/100g soil) 0.72 4.5 - - -

" K " 0,78 0.07 - - -

" Ca " 22.0 27.0 - - -

" Mg " ¥1.2 10.4 - - -

" Mn " 0.88 0.02 - - -

" P (ppm) 66 1 - - -



A1 0-10cn

B21 10-62cm

B22 62-108cn

B23ca 108-125cnm+

Other remarks:

S D% e

profile No, D4

Dark reddish brown (5YR 4/4 dry, 5YR 3/4 moist)
clay; weak, very fine to fine, crumb structure;
slightly hard when dry, friable when moist, slightly
sticky and slightly plastic when wet; many, very
fine pores; moderately calcareous and non-saline;
clear and smooth transition to:

Dark reddish brown (5YR 3/4 dry, 5YR 3/3 moist) clay;
moderate, coarse to very coarse, prismatic structure
breaking into moderate, medium to coarse, angular
blocky structure; very hard when dry, firm when moist
sticky and plastic when wet; few, very fine pores;
strongly calcareous and saline; clear and smooth
transition to:

Brown to dark brown (7.5YR 4/4 moist) clay; moderate,
medium to coarse, angular blocky structure; few,
weak clay skins or slickensides; very hard when

dry, firm when moist, sticky and plastic when wet;
few, very fine pores; strongly calcareous and
saline; clear and wavy transition to:

Brown to dark brown (7.5YR 4/4 + 4/2 moist) clay;
moderate, medium, angular blocky structure; common,
strong slickensides; very hard when dry, firm when
moist, sticky and plastic when wet; few, very fine
pores; moderately to strongly calcareous and salineg

mich soft lime,

hard CaCOz concretions (2-3mm) from surface downward
soft lime from B21 downward; present in great
quantities in B2%

few cracks at surface but many in the profile

2=3cn thick, weak surface crust

rooting: 0-40cm: common, very fine and very few,

fine to coarse roots; 40cm+: very few, very fine
roots



¥
SOIL ANALYTICLL DATA

Field Ref.:G1 Hola Experimental Area Unit N42

Depth in ecn 0=12 12=30 30-47 47=-67 67=-100 100-11F
Lab. No./78 2020 2021 2022 2023 2024 2025
Sand % 32 28 26 24 18 16
Silt % 18 16 14 14 16 18
Clay % 50 56 60 62 66 66
Texture class C C c c C C
pH~H20 1:2% suspension 8.7 9.3 9.4 9.4 9.6 9.5
pE-KC1 1:24 " 5% 2. 7.9 7.9 T2 6.9
EC (mmhos/em) 1:2% 0:35 0,60 1720 1.9 - 1.80 280
CaC03 % 3.4 4.5 51 4.6 4.2 3.1
CaS04,2H20 % tr 0.04  tr tr tr tr

C % 0,72« 0,43 1052« 0,40 0,597 0,47
N % 0,07  0.05 - - - -
Saturation % - - * & - &
ECe (mmhos/cm) > - - 6.5 - 8.0
pH-paste - - - 8.1 - 8.6
CEC(me/100g s0il) 3.2 BB 58,5 .6 =m gl aig
Exchangeable cations:

Ca (me/100g soil) 47 40 53 37 4 29
lig " 33 4.0 3.9 4.0 3.4 2.7
K " 2.8 1.4 1.8 7 1.9 1.8
e " 1.8 7.6 12.8 22,57 25.67 29.07
Base saturation % 100+ 100+ 100+ 100+ 100+ 100+
ESP 5.0 20 36 607? 687 772
Qualitative CaCOz ot e e et o+ At

Mehlich analysis:

Available Na (me/100g soil) 0,78 2.2

n K n

" [ 4 n n

Vg
n m n
P

0:4 = Bull
24,0  16.0
10.0 8.6
023 0.28
34 30



Mopping unit N42 - 25 - profile no, G1

A 0-12em " Dark reddish brown (5YR 3/4 both dry and moist)
clay; weak, fine to medium, crumb structure;
slightly hard when dry, friable when moist, sticky
and plastic when wet; many very fine pores; strongly
caleareous and non-saline; about 2% CaC03 concre=-
tions; clear and smooth transition to:

B21 12=4Tcm Dark reddish brown (5YR 3/4 both dry and moist)
clay; weak, coarse to very coarse, prismatic
structure breaking into moderate, coarse to very
coarse, angular blocks which in turn break into
moderate, fine to medium angular blocky structure;
hard when dry, friable when moist, sticky and
plastic when wet; few, very fine to fine pores;
strongly calcareous; about 1% CaCOs concretions;

non-saline; clear and smooth transition to:

B22 47-6Tcn Dark reddish brown (5YR 3/4 moist) clay; moderate,
coarse to very coarse angular blocky structure; few,
thin clay skins and few, weak slickensides; very
hard when dry, firm when moist, sticky and plastic
when wet: few, very fine pores; strongly calcareous;
about 1% CaCO3 concretions; slightly saline; clear
and smooth transition to:

B23 67-100cn Dark reddish brown (5YR 3/4 moist) clay; weak,
coarse to very coarse, angular blocky structure;
foew, weak slickensides and few, thin clay skins;
very hard when dry, firm when moist; sticky and
plastic when wet; fow, very fine pores; strongly
calearecus; about 1% CaCOsz concretions; slightly
saline; clear and smooth transition to:

B24 100-115cm 4 Dark brown (7.5YR 3/3 moist) and dark greyish brown
(10YR 4/2 moist) clay; weak, coarse to very coarse,
angular blocky structure; few, weak slickensides;




Other remarks:

- 26 —

very hard when dry, firm when moist, sticky and
Plastic when wet; few very fine pores; strongly

calcareous; about 1ﬁfcaCO3 concretions; moderately
sal ine,

1) Scattered, very fey cracks; no sealing

2) Rooting: 0-30cm: many, very fine and very few roots
30~67cm: very few, very fine roots



SOIL ANALYTICAL DATA
Field Ref, :A5 Hola Experdmental irea Unit N42eN3
Depth in cn 0-15 15230 30-45 45290 90~140
Lab, No,/T8 2061 2062 2063 2064 2065
Sand % R 26 28 442
Silt % 10 10 14 10 10
Clay % 52 52 60 62 462
Texture class C c C C C
pH=H20 1:2% suspension 8.9 9.3 9.2 Ted 9.2
pH=KC1 1:2% . TeT 7.0 7.2 Te5 TeT
EC (mmhos/em) 1:2% 0.30  0.55 2,95 5.0 4.0
CaC03 % 1.1 57 Tod T2 4.0
CaS04.2H20 % 0.2 tr 0,04 tr tr
C% 0:38 0,29 “0.32  0.09 ;. 018
% 0.08  0.05 » o r

Seturation © - - 60.8 797 122.4
ECe (nmhos/en) - - 8,0 1445 15.5
pH~paste - - 7.9 T.2 8.2
CEC (me/100g soil) 23,5 24,3 26,4 294 294
Exchangeable cations:
Ca (me/100g soil) 59 54 58 49 32
g 2 2,6 4.0 4.0 4.3 4,0
K " 2.5 | 1.3 1.5 1.4
Na " 1.3 6.4 9,9 19,62 24,67
Base saturationf 100+ 100+ 100+ 100+ 100+
ESP 5.5 26 38 677 847
Qualitative CaCOz ek ++ +++ 4+ +44
lMehlich analysis:
Available Na (me/100g soil) 1.18 3,7 - - -

" K " 0.78  0.09 - - -

" Ca " 156 . 260 - - -

" Mg " 12,45 14,6 - - -

" Mn " 1.0 0,02 - - -

’ P (ppm) 66 9.0 - - -




Yopping unit N42-N3
41 O=15em

B21 15«45en

B22 45=-90cm

B23 90-140em +

|
' Other remarks: 1.

2.

Drofile No.45

Derk reddish brown (7.5YR 4/4 dry, SYR 3/4 noist)
clay; weak, fine to medium crumb structure;
slightly hard when dry, friable when moist, sticky
and plastic when wet; many, very fine and few, fine
to medium pores; moderately calecareous and non-

saline;

Dark reddish brown (5YR 3/3 both dry and moist) clay;
moderate, coarse prismatic structure breaking into
moderate, coarse, angular blocky structure; hard when
dry, frinble when moist, sticky and plastic when wet;
common to many, very fine and few, fine to mediunm
pores; strongly calearecous; 2% soft lime; slightly

saline;

Reddish brown (5YR 3/4 dry, 5YR 4/4 moist) clay;
weak, very coarse, prismatic structure brecking into
moderate, coarse to very coarse, angular blocks
which in turn break into moderate, fine to medium,
angular blocks; few, weak slickensides or clay skins;
hard when dry, firm when noist, sticky and plastic
when wet; common, very fine borea; 1% CaCO3 concre=
tions; strongly calcareous and moderately saline;

Brown to dark brown (7.5YR 4/4 dry, 7.5YR 4/2 moist)
clay; weak to moderate, coarse to very coarse,
angular blocky structure; common, weak slickensides;
very hard when dry, firm when moist, sticky and
plastic when wet; few, very fine pores; strongly
calcareous and strongly saline.

Rooting: O-15¢cm: mmny very fine and few fine and
medium roots

15=45¢cm: common, very fine and few, fine
and medium roots
45cn+: very few, very fine and fine roots

Scn thick, light yellowish brown (10YR 6/4 moist),
massive crust, with few, very fine pores;
non-calcareous.




Al O=ilen

Bl 11=30cn

B21 30-65cnm

B22 65-80cm

B23 80~100cm

<80
profile No.C3

Brown to dark brown (7.5YR 4/4 dry, 7.5YR 3/4 moist)
clay loam to clay; porous massive to weak, very

fine to fine, crumb structure; slightly hard when
dry, friable when moist, slightly sticky and slightly
plastic when wet; many very fine pores; moderately
calecareous and non=saline; clear and smooth
transition to:

Dark reddish brown (5YR 3/4 dry, SYR3/3 moist ) clay;
weak, fine to medium angular blocky structurec;
slightly hard when wet; foew to common, very fine
pores; strongly calecarcous and non-saline; cleer

and smooth transition to:

Dark reddish brown (5YR 3/4 dry and moist) clay;
weak, fine to medium, angular blocky structure; fow,
thin clay skins; hard when dry, firm when moist,
sticky and plastic whcen wet; few to common very
fine pores; strongly calcareous and slightly saline;
soft lime and few NaCl crystals; clear and wavy
transition to:

Brown to dark brown (7.5YR 4/2 moist) clay; modcrate,
medium, angular blocky structurc; few, thin clay
skins; hard when dry, firm when moist, sticky and
plastic when wot; common, very fine pores; strongly
nleareous and slightly saline; soft lime and few
Nall eorystals; gradual and smooth transition to:

Brown to dark brown(7.5YR 4/2 moist)elay; moderate
medium, angular blocky structure; few to common,

thin clay skins; hard when dry, firm when moist,
sticky and plastic when wet; common, very fine pores;
strongly calcareous and slightly sgline; soft lime
and many NaCl erystals; gradual and smooth
transition to:

5 enil B



e e e o
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B24 100=-120cn Brown to dark brown (7.5YR 4/2 moist) clay; ooderate,
mediun, angular blocky structurc; hard when dry,
firnm when moist, sticky and plastic when wet; fow b

to common pores; strongly calcareous and slightly
salinc,

Othor remarks: 1. 2-3cm thick, moderately strong crusting
2. Rooting: O-11em: common, very finc roots
11=30cn: few, very fine roots
30cm+ no roots

3, 100% sand overwash cover
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